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In 2004 we published the results of & years df monitoring the Crab pulsar by RXTE (Rots, Jahoda, & Lvne 2004, ApJ 605, 

L 1 29). At that time we determined that the primary pulse of the pulsar at X-ray energies. precedes its radio counterpart by 
about 0.01 period in. phase, or approximately 330 yes. Howevei, we could not establish unambiguously whether the delay is in 
phase or due to a difference in pathlength. 

At this time we have twide the time baseline that we had in 2004 and we present the same analysis, but now over a period of 1 6 
years - which will represent almost the full mission and the best that will be available from RXTE. 

The f ull dataset shows that the phase delay has been decreasing faster than the pulse frequency over the 16-year baseline and 
that there are variations in the delay on a variety of timescales. 


Observations and Analysis 

We have analyzed 349 ICCTE/PCA observations of the Crab pulsar, spanning a period of 5,756 days from MJD 5012-9 until 
55885. All observations Were analyzed with aprivate version of the program fuse Bin, using the Crab radio timing ephemendes 
provided by the University of Mandiester/Jodrell Bank, and selecting the energy range 2-16 keV. 

The phase of the primary pulse was determined by fitting either a parabola or a Lorent/ian to the peak. .... £;£; 


Results 

The measured phase of the primary pulse in the energy range 2-16 keV (relative to its radio counterpart) for all observations: is 
s hown in Fig. 1. We have identified certain groups of observations by color: 

• Black: regular, good data (though some points are clearly less reliable than others) 
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The pulsar's glitches are indicated by vertical tick mirks near the top of the: plot: minor gli tches in parentheses, major ones 
marked with a asteriskf*), very large ones with two asterisks (**>. The numbering follows the table by Espinoza et al. (2010, 
MNRAS414, 1679) and on http://www.jb.man.ac.uk/-pulsar/glitches/gTable.html. 

The general slope of the pulse phase is about 5x1 0‘ 7 period/day, faster than ncededfor a constant pathlength difference. It 
results in the values for the extremes of the range gjven in Table V. 


Our interpretation is that the height at which the X-ray photons are being generated has been gradually decreasing over the 
past 16 years. Considering that Fig. I shows systematic variations over timescales of months that exceed the estimated errors, 
we also conclude that these are indicative of real variations in that height at various timescales. These variations explain why 
different values for the delay have been reported in the literature. 

We investigated how well the timing of the Crab pulsar can he modeled with a single timing ephemeris between glitches. For 
this we selected the periods between glitches 23. 24. and 25. We only fitted a third order polynomial, using v and its first- and 
second derivatives; see Table 2. 


Table 2: 


The resulting pulse phases (With an arbitrary zero point) are shown in Fig. 2. It is clear that extended periods (at least up to 
four years) between glitches can coherently be described by a single tuning epbemeris that includes no more than the second 
derivative. It may appear that the timing noise during the second era in Fig. 2 is much larger than in the first. However, when 
one considers that the second era ( 1300 days) is more than twice the length of the first (600 days), it becomes clear that one 
would he able to reduce the excursion considerably by splitting the second one into two and fitting separate ephemendes to the 
two halves. The main effect would appear to be an increase in the second derivative for the first half and a decrease for the sec- 
ond half. Nevertheless, the single cubic timing ephenieris maintains coherence over 3,3 bil’ibn pulses in the second era. 


Encore: PSR B 1509-58 

We ran al! 205 RXTE observations of PSR R 1 509-5 A using a single timing ephemeris record that- was derived from the one pub- 
lished by Livingstone & Rasp] (20! i. ApJ 742. 31 s as a starting point, containing v and its first, second, and third derivatives, 
see Table 3 The resulting phase of the pulse peak is presented tn Fig,. 3. The phase varies by up to 0.25 penod Clearly, we can 
with this single ephemens record keep track of individual pulses over 5777 days or 3-3 billion pulse.-. 
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Tables: 


Start MJD End MJD Epoch 


dv/dt 






It turns out that the cuive can be fit quite well with three or four harmonic si ne function s. with period ratios 3 ’4: 2 t and respec- 
tive ampht > ■ t mat 7 ; > til nun? hat - 1 h>> 

Whether there' is- any real’ physical significance to this fit remains to be seem. 
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